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(54) Apparatus for encapsulating field windings of rotary electric machines 

(57) It is generally known that the most common 
reason for replacing rotary electric machines is failure of 
field windings. Vibrations and primary overheating of 
field windings is the main reason for motor and genera- 
tor repair. Consequently field windings have been fan 
cooled, externally ventilated, and totally enclosed. To 
solve this failure problem stators have been completely 
encapsulated, drip coated, and entirely coated. But all 
of these procedures are subject to certain disadvan- 
tages. The method and means herein overcome such 
disadvantages. Means are provided for embedding in a 
solid material field windings of stators of rotary electric 
machines in order to insulate and cool electric 
machines in which the stators are employed. 
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Description 

Field of the Invention 

[0001] This invention relates to rotary electric 5 
machines, also termed dynamoelectric machines, 
which convert electrical energy to mechanical energy or 
mechanical energy to electrical energy. Contemplated 
are electric motors, generators, alternators and the like, 
in which the stator is the type which includes a stator w 
core carrying field windings and having a bore or cylin- 
drical cavity in its center to receive a rotor or armature. 

Background of the Invention 

15 

[0002] It is generally known that the most common 
reason for failure of rotary electric machines, far more 
than locked bearings, is burnout of field windings. Pri- 
mary overheating is the main reason for motor and gen- 
erator repair. For this reason fan cooled, externally 20 
ventilated, and totally enclosed motors and generators 
have been developed. 

[0003] Recently in order to solve the burnout prob- 
lem, emphasis has been on molding methods, and on 
molds for completely encapsulating the stator core and 25 
coils, or field windings. In U.S. 4,950.438. for instance, a 
four piece mold is employed to overcome the drip 
method, that is the method wherein the stator is drip 
coated on only one side at a time during a coating cycle, 
followed by then tuning the stator to coat it on the other 30 
side. In U.S. 4,950,438 the stator is entirely in the 
upright position while being coated. The four mold 
members are combined with the stator so that a cavity 
is formed between them and the stator. Vehicle is then 
poured into that cavity through sprues until it flows out of 35 
drain holes in the lower mold member. 
[0004] Another sprue-type method for tradting 
rotary electric machines Is described in U.S. 4,362,490. 
It was believed that when the stator was entirely coated 
with vehicle too large a volume of vehicle was utilized at 40 
a cost which was too high. The invention, then, was to 
eliminate the coating on the periphery of the stator. To 
do so upper and lower mold members were utilized to 
define an inner space around the coil. Through a sprue 
leading to this space a material was injected so that it 45 
flowed into that space to permeate the coil. 
[0005] Because of the large volume of vehicle 
required by other electromagnetic coil coating methods 
the drip method still appears to be popular as illustrated 
in U.S. 5,474, 799. The vehicle baking or curing temper- so 
atures were a matter of concern in that instance. The 
problem was solved by keeping the temperature of the 
iron stator core below the vehicle curing temperature by 
utilizing several curing temperature stages. 
[0006] A submersible can-type electric motor, 55 
stated to be well-known, is the subject of U.S. 
4,496,866. The bore of the stator core has a cylindrical 
can inserted therein to cover its inner wall. A vehicle is 



then inserted to be molded completely about the exter- 
nal surface of the stator core including the end portions 
of the coils. 

[0007] In addition to vehicle-molded rotary electric 
machines such as those described, two related patents 
U.S. 3,874,073 and U.S. 3,758,799, disclose the use of 
sand and other particulate materials such as alumina, 
mica, chalk, zirconia, beryllium oxide, and naturally 
occurring minerals, as heat dissipating matter around 
the windings which are supported on the stator core. 
Using a housing means around at least part of the stator 
the particulate material, along with vehicle, is forced in 
against the winding support. 

[0008] It will be understood that one of the problems 
in utilizing sprues-or sprays as in Fig. 9 of U.S 
3,874,073-is that it is difficult, even when pressure is 
employed, to fill all of the interstices and to eliminate air 
voids in the stator windings. When the area formed by a 
mold is filled from above with a vehicle as viscous as 
those normally employed, it is difficult if not impossible 
to avoid the formation of air voids, pockets or pores. 
This is particularly true when particulate materials are 
incorporated in the vehicle. Voids are also difficult to 
prevent when the port holes used to enable air to 
escape from the windings are in the base of the mold. 
The prior art, then, is subject to certain disadvantages. 
By the practice of this invention a method and means 
are provided which overcome such disadvantages. 

Summary of the Invention 



[0009] It will be appreciated that by this invention a 
rotary machine is provided which results in insulated 
and cooler operating field windings. Means are provided 
for embedding in a solid vehicle field windings of stators 
of rotary electric machines in order to insulate and cool 
electric machines in which the stators are used. The 
stator is the type having a stator core provided with a 
central cylindrical bore adapted to receive a rotor. The 
stator core carries field windings held in channels in the 
face of the cylindrical bore. The field windings are 
looped outside those channels to form top and bottom 
field windings as they pass from one channel to another. 
Herein means are provided for encapsulating these top 
and bottom field windings, and for embedding In a solid- 
ified vehicle the field windings In the channels therebe- 
tween. Cylindrical sleeve means are adapted to 
surround the top and bottom field windings so that they 
are each within a sleeve. A space holding cylinder fitting 
shdably in the stator bore is locked in the bore to occupy 
the bore space. In conjunction with the sleeve it forms 
top and bottom annular areas in which the field windings 
reside. Closure means are adapted to accept a cylindri- 
cal sleeve means end as well as the space saving cylin- 
der when the stator is on an end. This structure forms a 
closed lower annular area, and an open upper annular 
area connected by the channels which allow air to 
escape. An inlet port opens into the lower annular area 
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Pressure means force a liquid vehicle which solidifies 
on standing through the inlet port, into the annular area, 
and throughout the bottom field windings, and then up 
the field windings channels to cover the upper field 
windings. This encapsulates both lower and upper field 
windings, embedding them in the vehicle which later 
solidifies. 

Detailed Description of the Invention 

[0010] Since motors, generators, alternators, and 
the like are old and well-described in the prior art, they 
need not be lengthily described herein except to point 
out that in these rotary electric machines practically all 
of the electro/mechanical energy conversion takes 
place in the air gap between the stator and the rotor or 
armature. The energy conversion in the air gap is a 
result of a magnetic field set up by current-carrying 
windings in motors, or by windings moving in a magnetic 
field in the case of generators and alternators. These 
stator windings, also termed field windings, primary 
windings, or stator coils; thus, are the key to any rotary 
electric machine. Little wonder, then, that from their 
inception these windings have been protected in same 
way. They have been wrapped, and they have been 
coated or impregnated by drip coating and brush coat- 
ing with, and later by dipping in, varnishes. The realiza- 
tion that it was vital to prevent destruction of field 
windings by heat, vibrations, and other environmental 
forces, has lead to molding processes such as those 
previously described, to the coating method of 
U.S.5,474,799, and to the improvement herein. In order 
to explain this improvement more fully it will be 
described with reference to six figures in a drawing. 

Description of the Drawings 

[0011] 

Fig. 1 is an isometric view showing a stator with its 
stator coil which is to be impregnated by the proc- 
ess of the invention. 

Fig. 2 is a diagrammatic sectional representation 
illustrating the components of the invention and 
their use in the process. 

Fig. 3 is an isometric view showing the stator of Fig. 
1 after its field windings have been impregnated in 
a solid vehicle by the process of the invention. 
Fig. 4 is an isometric view showing a stator with a 
different configuration whose stator coils are to be 
impregnated by the process of the invention. 
Fig. 5 is a diagrammatic sectional representation 
illustrating the components used to impregnate the 
stator coils shown in Fig. 4. 
Fig. 6 is an isometric view showing the stator of Fig. 
4 after its field windings have been impregnated by 
the process of the invention. 



Specific Embodiment of the Invention 

[0012] It is to be appreciated that even though the 
improvement of rotary electric machines is a matter 

5 which is dealt with herein the rotor is not being shown in 
the drawings. Such rotors or armatures are very well 
known, and they are not the essence of this invention. 
Rather, members of rotary electric machines with which 
this invention is concerned are illustrated. These ele- 

10 ments, shown in Fig. 1, include a stator 2 consisting of 
an iron stator core 4, and top and bottom field windings 

6 and 7, termed top and bottom coil heads in U.S. 
5,474,799. along with central cavity or stator bore 8 in 
the stator core. Other components of the invention are 

15 depicted in Fig. 2. 

[0013] Iron core 4 has a series of internal axially 
extending channels 10, termed slots in U.S. 5,474,799. 
Each channel 10, usually lined with an insulating paper 
referred to as a top stick, accommodates copper wires 

20 which are wound through the channels to form the sta- 
tor coils. The stator coils protrude axially from both ends 
to form top and bottom field windings 6 and 7 which loop 
from one channel to another. It is these top and bottom 
stator coils, or field windings 6 and 7, which are pro- 

25 tected and mechanically stabilized against vibrations. 
Herein an expedient means for protecting field windings 
is provided. The essential elements utilized in the proc- 
ess include a sleeve 11, a space holding cylinder 12, 
and a closure means 22, whose functions will be 

30 described subsequently in connection with the opera- 
tion or method of the invention. 
[0014] Referring now to the components per se, 
space holding cylinder 12 is a strong plastic or metal 
cylindrical element. It is adapted to fit snugly in the cen- 

35 tral cavity 8 within the stator core which a rotor or arma- 
ture usually occupies. The size of the cylinder, thus, 
depends upon the rotary electric machine size, actually 
on the size of bore 8 in stator core 4. The space holding 
cylinder 12 should be at least as long as the distance 

40 from the tops of the top and bottom field windings 6 and 

7 so that the field windings are in an annular space 
between the sleeve 1 1 and the space holding cylinder 
12. The space holding cylinder is slidable in the stator 
core bore to confine a vehicle which later will rise 

45 through the channels. 

[0015] The sleeve 11, on the other hand, is an 
open-ended cylinder or tube. Its size is also related to 
the size of the stator. Sleeve 11, seen in Fig. 2, should 
slide over the outside of the stator core (4) as shown in 

so that figure, fitting closely around the outside of the stator 
as illustrated. 

[0016] Employed in conjunction with sleeve 1 1 is a 
closure means 22 adapted to close off one of the open 
ends of sleeve 1 1 . Various closure means can be used. 
55 In the specific embodiment shown in Fig. 2 the means 
which closes one end of sleeve 11 is in the form of a 
sleeve bottom when the sleeve is stood on one of its 
ends. This closure means is structured as a base plate 
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22 having an upwardly projecting retainer plate or disk 
14 mounted thereon. Retaining disk 14 is provided with 
a tapered edge to accept sleeve 11 and to provide a 
seal therebetween. This structure makes it easier to 
separate the two after treating the stator. As illustrated 5 
in Fig. 2, when sleeve 1 1 , with the stator within it, is in a 
vertical position seated on tapered disk 14 of plate 22, 
stator 2 is contained in a cylindrical vessel or container. 
The reason for the container will be appreciated given 
the method of utilizing components of the invention. 10 
[0017] Having discussed the components of the 
invention, the method of utilizing these components will 
now be described. One of the features of the invention 
is the use of pressure to eliminate air bubbles and voids 
during the encapsulation process. Another feature of is 
the invention is that a pressure process renders it easier 
to include fillers in the vehicle to improve the cooling 
characteristics of the resulting encapsulation during the 
use of the rotary electric machine. To accomplish this 
stator 2 is inserted in sleeve 1 1 , and the sleeve and sta - so 
tor are stood on one end so that they can be rested on 
disk 14 on closure plate 22 as shown in Fig. 2. Sleeve 
1 1 is then seated on retaining disk 14 on base plate 22 
so that the stator is, in effect, in a container which is 
open at the top. The space holding cylinder is then 25 
inserted in the stator bore (8) so that the stator and 
accompanying field windings are in an annular space 
between space holding cylinder 12 and sleeve 11 as 
shown in Fig. 2. A quantity of a vehicle sufficient so that 
the stator core and windings will be embedded in it to so 
the extent desired is determined by any known means. 
From a source under pressure, or using pressure, this 
vehicle, which may or may not contain a filler, is forced 
into the stator and its windings through one or more 
tubes or inlet ports such as port 28. 35 
[0018] It is to be realized that as the vehicle is 
forced in port 28 it will tend to lift space holding cylinder 
1 2, and if viscous enough it will also tend to lift the stator 
or sleeve. To avoid this possibility a hold-down means is 
utilized to lock the space holding cylinder in the bore. 40 
Various clamping means such as ski boot clamps and 
offset hinges can be used for the purpose. Illustrated 
herein for simplicity are studs 1 3 and hold down strap or 
straps 24. Studs 13, which can be bolts, pass through 
holes in the base plate 22 upon which the stator 2 rests. 45 
The studs then pass through matching holes in hold 
down strap 24, which rests against space holding cylin- 
der 12. The strap will also keep the stator, and possibly 
the sleeve, from being lifted by the vehicle. However 
provisions must be made not to bend the field windings, so 
As one such provision, tabs 25 can be provided which 
will rest against the iron stator core to protect the wind- 
ings. Wing nuts 23 are then tightened to hold the struc- 
ture in place, yet the hold down straps will allow air to be 
readily forced out of the stator by the vehicle. 55 
[001 9] Returning now to the operation of the appa- 
ratus, as the vehicle rises in the annular space it will 
eliminate air bubbles and voids, and impregnate the 



lower field windings 7. After these lower field windings 
become embedded in vehicle, the vehicle will be driven 
up channels 10 in order to encapsulate upper field wind- 
ings 6. After impregnation, when the vehicle is partially 
cured, sleeve 1 1 and space holding cylinder 12 are with- 
drawn and the vehicle is permitted to completely cure. 
The stator, then, looks like that illustrated in Fig. 3 rather 
than that in Fig. 1. it resembles a large cylindrical ring 
with thick walls 30 and with field windings encapsulated 
in an annulus 31. Using this stator the rotary electric 
machine is then fabricated in the conventional manner. 
[0020] The term "vehicle" is utilized herein as it is 
used in the coatings industry wherein a vehicle is a liq- 
uid binder which changes from a liquid to a solid state 
by evaporation, oxidation, polymerization or reaction 
with a cross linking agent, commonly referred to as a 
curing agent. These compositions are will known in the 
art, and they are exemplified in such patents as U.S. 
3,874,073 noted In the background of the invention. 
Included are various resins, for example, bisphenol- 
derived polyepoxides, novolacs, and polyesters. In addi- 
tion other epoxide resins, polycarbonates, cross-linked 
polyethylenes and polypropylenes, and some vinyl poly- 
mers can be used, none of which need be discussed at 
length herein. It has also been pointed out that U S 
3.874,073 and 3,758.799. suggest the use of various 
fillers. Preferred herein are silica, slate, mica, ores, min- 
erals, chalk, starch, talc, bentonite. cabosil, alumina, 
calcium carbonate, magnesium oxide and other parti- 
cles. All of these can be used as particulate materials 
for inclusion in the resins herein. In fact, we have found 
that a very high solids resin composition, that is one with 
a high sand (silica flour) to resin ratio, is very effective. 
Using more sand than resin has been found to greatly 
cut the cost of the rotary electric machines. 
[0021 ] Most stators are generally cylindrical so that 
a sleeve such as sleeve 1 1 can be snugly disposed over 
them. The majority of stators, then, are within the inven- 
tion as described. Some stators. however, are substan- 
tially rectangular such as stator 40 illustrated in Fig. 4 
They are, of course, provided with normal bores 41 and 
axial channels 42. Referring to that figure, a rectangular 
sleeve could be employed according to the teachings of 
the invention, but it would be impractical to fill the entire 
area between field coils 44 and 46 and the edge of core 
47 with the vehicle. Rather, a two-part sleeve, smaller 
than the stator core, is employed in the form of upper 
and lower sleeve sections. Referring to Fig. 5, the upper 
sleeve section is designated 50 and the lower section 
52. 

[0022] Employed in conjunction with lower sleeve 
section 52 would be a closure means adapted to close 
off the bottom end of that sleeve. However an extra seal 
can be eliminated if the closure plate, plate 54. is inte- 
gral with the lower sleeve section 52. Using such an 
arrangement, one lower seal 56 and one upper seal 58 
can be used. Since seals should be used between the 
bottom of the sleeve sections and the stator surfaces 
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46, three seals would be necessary if the lower sleeve 
section and the closure plate were separate elements. 
[0023] As were the field windings of the rotor shown 
in Fig. 1 , field windings 44 are covered with a liquid vehi- 
cle in a manner that minimizes or eliminates air bubbles s 
and voids as the top and bottom field windings 44 are 
being embedded in that vehicle. 
[0024] As previously described stator 40 is stood on 
one end. It is then rested on lower sleeve section 52 
with seal 56 in place. Upper sleeve section 50, carrying w 
seal 58, rests against the top surface of stator core 47 
(Fig. 5. As explained hereinbefore the stator is again, in 
effect, in a container which is open at the top. Space 
holding cylinder 60 is then inserted in bore 41 to form an 
annular space for the field windings. The vehicle, with or 15 
without a filler is forced through an inlet port 45 to 
impregnate the top and bottom field windings 44 as 
described hereinbefore. Also the hold-down means is 
used as discussed hereinbefore. As illistrated in Fig. 5, 
studs 1 3 pass through holes in base plate 54. The studs 20 
then pass through matching holes in hold-down strap 43 
which rests against space holding cylinder 60. Although 
strap 43 is shown as an integral part of the upper sleeve 
it can be a separate component. 

[0025] As earlier described after impregnating the 25 
bottom field windings, the vehicle is forced up the inter- 
nal axially extending channels 42 to the area containing 
the top field windings. The space holding cylinder con- 
fines the liquid vehicle to the channels and to the field 
windings anular spaces. The open top allows air bub- 30 
bles to escape and eliminates voids in the resulting 
encapsulation. After being permitted to completely cure, 
the stator looks like that illustrated in Fig. 6 with its field 
windings encapsulated in ring 31 as in Fig. 3. Using this 
stator the rotary electric machine is fabricated in the 35 
usual manner. 

[0026] It can be seen that by the practice of this 
invention field windings or coil heads can be encapsu- 
lated by means superior to prior art methods. By 
embedding the field windings in a solid rather than 40 
merely coating the windings a more effective means of 
protecting the windings is provided. With air tending to 
rise, holes around the base of a mold as in the prior art 
rather than in an open top are not as effective in pre- 
venting air entrapment. Further, in known molding meth- 45 
ods as vehicle fills a mold it is difficult for the vehicle to 
fill all of the interstices in the field windings and thus 
avoid the creation of voids if the air in them cannot rise 
to escape. This invention, then, greatly improves 
present means for protecting field windings in stators to so 
be used in rotary electric machines. 
[0027] Having been given the principles of the 
invention ramifications and variations of the invention 
will occur to those skilled in this art. Thus, it will also be 
obvious that whereas a base plate is integral with the 55 
lower sleeve section separate sleeve closing means can 
be utilized for easier cleaning. As an example instead of 
a base plate a lid can be screwed on or otherwise 



placed over the open end of the lower sleeve section. A 
stand can then be used to secure the hold-down strap 
during the pressure step. It will also be obvious to use a 
mold release to render it easier to remove the sleeve 
and the piston after the vehicle is partially cured. 
[0028] A particularly important variation of the 
invention involves the use of a piston liner. Prior to its 
insertion in the stator bore the piston can be provided 
with a plastic wrapper in the form of a plastic sheet 
which is disposed around the outside of the piston. The 
piston can then readily be withdrawn from the core after 
the binder partially cures. This has been found to be 
more effective than the use of a mold release. 
[0029] It will also be appreciated that the process of 
the invention applies not only to new rotary electric 
machines, but to old or existing machines being rebuilt, 
or improved by embedding the field windings in a solid 
material. These and other such modifications are 
deemed to be within the scope of this invention. 

Claims 

1. Means for embedding in a solid vehicle field wind- 
ings of stators of rotary electric machines in order to 
insulate and cool electric machines in which the 
stators are used, the stator being the type having a 
stator core provided with a central cylindrical bore 
adapted to receive a rotor, with that stator core car- 
rying field windings held in channels in the face of 
the cylindrical bore, and looped outside those chan- 
nels to form top and bottom field windings as they 
pass from one channel to another, means for 
encapsulating top and bottom field windings com- 
prising cylindrical sleeve means adapted to sur- 
round the top and bottom field windings so that they 
are each within a sleeve, a space holding cylinder 
adapted to fit slidably in the stator bore to occupy 
the bore space and to form top and bottom annular 
areas with the sleeve so that the field windings are 
contained in those annular areas, hold-down 
means locking the space holding cylinder in the 
bore, closure means adapted to accept a cylindrical 
sleeve means end and the space saving cylinder 
when the stator is on an end, forming a closed 
lower annular area, and an open upper annular 
area allowing air to escape, a vehicle inlet port 
opening into the lower annular area for flow there- 
through of a liquid vehicle which solidifies on stand- 
ing, pressure means for forcing the liquid vehicle 
through the inlet port, into the annular area, and 
throughout the bottom field windings, and then up 
the field windings channels to cover the upper field 
windings, thus encapsulating both lower and upper 
field windings and embedding the field windings in 
the channels. 

2. The encapsulation means of claim 1 wherein 
means are provided to hold the sleeve means and 
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the stator in place as well as the space holding cyl- 
inder when the pressure means urges the vehicle 
into the field windings in the annular spaces. 

3. The encapsulation means of claim 1 wherein the s 
cylindrical sleeve means is a single cylinder slidably 
surrounding the entire stator. 

4. The encapsulation means of claim 2 wherein a plu- 
rality of vehicle inlet ports are spaced around the w 
periphery of the sleeve near the bottom. 

5. The encapsulation means of claim 1 wherein the 
closure means is a plate having a seat adapted to 
receive the sleeve. 



The field windings-embedding means of claim 5 
wherein the piston is provided with an outer plastic 
wrapper. 
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7. A method for encapsulating field windings in stators 
of rotary electric machines of the type having field 
winding-carrying stator cores with central cylindri- 
cal bores for rotors, the encapsulating method com- 
prising placing the stator in an open-ended 25 
cylindrical sleeve adapted to slidably receive the 
stator and its field windings, placing the sleeve in an 
upright position on a closure plate to form a closed 
bottom area and an open top area, each containing 
the field windings, locking in the stator bore a space 30 
holding cylinder adapted to fit slidably in the stator 
bore to take up the bore space and to create annu- 
lar spaces for the field windings, forcing a liquid 
vehicle through an inlet port into the bottom area to 
drive resin throughout the two annular spaces and 35 
over the field winding surfaces to encapsulate the 
field windings. 

8. The method of claim 6 wherein the vehicle is a pol- 
yepoxide. 40 

9. The method of claim 7 wherein the polyepoxide 
contains a filler. 
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